Pre-cooling Technique for a Thermal Discharge from the Coastal Thermal Power Plant  by Manjunatha, S.G. et al.
 Procedia Engineering  116 ( 2015 )  358 – 365 
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer- Review under responsibility of organizing committee , IIT Madras , and International Steering Committee of APAC 2015
doi: 10.1016/j.proeng.2015.08.299 
ScienceDirect
Available online at www.sciencedirect.com
8th International Conference on Asian and Pacific Coasts (APAC 2015)
Department of Ocean Engineering, IIT Madras, India.
Pre-cooling technique for a thermal discharge from the Coastal
Thermal Power Plant
S. G. Manjunatha*, K. B. Bobade, M. D. Kudale
Central Water and Power research Station,Khadakwasla(RS), Pune- 411 024, India
Abstract
The power plants are generally located along the coastline to meet their requirement of cooling water. The warm water
discharge from the power plant is one of the major environmental concerns in view of the thermal pollution in the water bodies.
The temperature limit for the warm water discharge from the thermal power plant, prescribed by the Ministry of Environment
and Forest (MoEF) was 5oC before being discharged in to the water bodies.  M/s. Bombay Suburban Electric Supply (BSES)
Company Ltd. has established a thermal power plant at Dahanu, which is operating on ‘once-through’ cooling system and the
cooling water is being drawn from Savta Creek. The temperature of condenser discharge was around 7.2oC.  As such, a pre-
cooling channel of 230m wide and 1800 m length was suggested through the hydraulic model studies to bring down the warm
water temperature rise from 7.2oC to within the acceptable limit prescribed by the MoEF (i.e. 5oC) before being discharged in to
the creek system.
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1. Introduction
The power plants operating on liquid vapour cycle are the major source of the thermal discharges into water
bodies. The temperature of cooling water at the condenser outlet increases by about 7oC to 10oC, depending upon
the type of power plant and the design of the condenser unit. Waste heat carried by the heated discharge is let out
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into the adjacent water body from where it is ultimately dissipated to the atmosphere by various heat transfer
processes. The warm water discharge is one of the major environmental concerns in view of the thermal pollution
in the water bodies which may affect the biota (Frank et al., 1969).  The Environmental Protection Agency is
currently considering regulations designed to minimize such effects through the Environment Protection Act.  The
warm water effluent regulation for thermal power plants using once-through cooling system as promulgated by the
Ministry of Environment and Forest (MoEF), Government of India in the Environment protection Act, 1986 is as
follows (before amendments): “The temperature rise caused by the condenser cooling water discharge from power
plant to the receiving water body should not be more than 5oC higher than the intake water temperature”.
Subsequently, the limit for the effluent discharge has been amended in 1991 by the MoEF as 7oC above the
ambient temperature.  Therefore, to bring down this temperature difference to within the acceptable limit, a
suitable method for heat dissipation of effluent is required, before discharging into the adjacent water body. Thus
there is a need to develop efficient techniques for reducing the temperature at the outfall so that possible damage to
aquatic life from higher water temperatures, and reduced dissolved oxygen content is avoided.
M/s Bombay Suburban Electric Supply (BSES) Company Limited has established a 500 MWe (2 x 250 MWe)
Thermal Power station at Dahanu about 100km North of Mumbai and it is surrounded by Savta creek on North,
Dahanu creek on West, Danda Creek on South (Fig. 1).    This power plant is operating on once-through cooling
system. The cooling water required (18.0 cumec) for the power plant is being drawn from the Savta Creek through
pumps mounted on caissons and it will be conveyed to the power station through the pipelines running over the
jetty and hot water from the condensers will be discharged back to Danda Creek.   The temperature rise across the
condensers will be 7.2oC.
Fig. 1. Location Map
As such, to bring down this temperature difference to 5oC, Central Water and Power Research Station
(CWPRS), Pune, India, has developed a cheaper and eco-friendly technique called “Pre-cooling channel” to fulfill
the environmental stipulations for the thermal effluents from power plant.  The salient features of the physical
model studies and the system derived through the studies are described in the paper.
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2. Pre-cooling channel
The Pre-cooling channel is a confined shallow channel of adequate length carrying heated discharge from one
end to other. The water depth in the channel will be uniform and shallow. The initial heat dissipation within the
confined channel up to the point of outfall will be mainly by evaporation and radiation. The process of evaporation
and radiation is influenced by various meteorological parameters viz. air temperature, water temperature, relative
humidity, sunshine, cloud cover, wind etc.
2.1. Temperature reduction in channel
The heat loss in the channel results in the temperature reduction which could be computed using the Eq. (1)
given below (Boyd et al., 2003; CWPRS, 1994)

   	 TACSadt L  ρ 1 (1)
If site specific meteorological data is not available to estimate rate of heat-loss (ΦL) then, it is essential to verify
the findings of mathematical model by physical model.
2.2. Physical model
The determination of heat loss in the confined channel carrying heated discharges alone envisages following
assumptions (CWPRS, 1994)
 The flow in the channel is fully mixed and non-stratified
 The water velocity in the channel is considerably low and the flow is not turbulent
 The surface heat loss is the dominant process of heat dissipation.
The modeling law for surface heat loss can be obtained based on the one-dimensional equation for heat
transport for steady state flow based on the relation (2) given below (Nayak et al., 2002)
Nomenclature
Δt loss in temperature of water between two points
ρ            density of water
C           specific heat of water
Sa          average surface area considering the changes caused due to water level fluctuations
D           depth of water in the channel
ΦL rate of heat-loss per unit area
A           surface area at a depth of water’d’
ΔT         time of travel for the water particle from point 1 to point 2 downstream
Tx         water temperature as a function of space and time
TE equilibrium temperature
To          temperature of heated discharge at the point of out let
K           heat transfer coefficient
Q           flow rate of heated discharge
B           width of the channel
X           horizontal distance
Lxr ratio of the horizontal length scale
Lzr ratio of vertical length scale
Kr ratio of heat transfer co-efficient in the model and prototype
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Assuming the same fluid in the model and in the prototype, the similarity requirement leads to
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The Froude criterion still applies and, as such
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Since the wind effect on model is insignificant, it has been the practice to take 5.0rK as generally
recommended in the literature. The model scales need to be selected taking into account the above similarity
criteria.
3. Model studies and discussions
The process of heat dissipation under steady state flow condition, the temperature across a section in the
channel at a particular location would be constant at any time. It means that between two successive sections, the
temperature loss would be the same. As such, it is advantageous and economical to have a part-width and part-
length model to study the process of heat loss in a confined channel.
In view of the above, a channel of width 1.97m, 0.2m depth and 30m length was constructed with a bottom
slope of 1: 10,000. At the upstream end, an inlet chamber was provided and at the downstream end, collection
chamber was provided. A water re-circulating pump was installed on the collection chamber and water was fed to
the heater system (Fig. 2).
Fig. 2. View of Model
The heated water from the heater system was again discharged in to the inlet chamber. The scaled quantum of
heated discharge then flows in the channel with a scaled velocity and properly scaled water depth in the channel by
appropriately controlling the gates and valves on the model. During the travel of heated discharge in the channel,
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heat loss to the atmosphere would result causing reduction in temperature of flowing water by the time it reaches
the collection chamber. The warm water is then collected in the collection chamber from which it is again fed to
the heater system by the re-circulating pump.  This heated water is then again discharged in to the inlet chamber
and then flows through the channel and this process continues till such time that the inlet water temperature
reaches the design value of temperature rise across the condenser inlet and outlet. At this time the experiment is
considered to be completed.  During the experiments, the temperature data was collected at three locations across
the width of the channel, initially at a distance of 1.5 m from the inlet chamber and subsequently at every 9 m
downstream at three cross sections as shown in Fig. 3.  Besides, temperature of ambient water and air was also
measured simultaneously.
Fig. 3. Model setup
Thus temperature data on 14 points were collected at every minute over duration of 10 minutes continuously
which formed one set of observations. Such sets of observations were taken for the rise at the inlet temperature of
2oC to 8oC above ambient temperature. The wind increases rate of heat dissipation to the atmosphere and as such
for the design of pre-cooling channel no wind was considered. The model was covered from the top as well as
from the sides to avoid any effect of wind.  Studies were carried out for the following scales:
 Horizontal 1:16,  vertical 1:10
 Horizontal 1:21,  vertical 1:12
 Horizontal 1:26,  vertical 1:14
 Horizontal 1:32,  vertical 1:16
The heat loss in the channel for different combinations of model scales is shown in Fig.  4.
Though the model length of 27m, between section 1 and 4 is constant the proto distance for horizontal scales of
1:16, 1:21, 1:26 and 1:32 is correspondingly 432 m, 567 m, 676 m and 864 m respectively.  As such, the
temperature loss over these distances cannot be compared directly and hence temperature losses over a 300m
distance were computed. The comparison of best fit curves for temperature loss over 300m distance obtained with
the results  for model studies with scales mentioned above are given in Fig.  5. A best fit curve for the entire data
sets of results obtained with different model scales and 95% confidence bands are also shown in Fig.5. It could be
seen from Fig. 5 that, the results obtain for various combinations of model scales are in good agreement.
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(d)
Fig.  4.  Heat loss in the channel with different model scale
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The correlation for temperature loss (Y) over a distance of 300m with the temperature rise in the outfall channel
above ambient (X) is given by
4002.000912.0  XY (6)
Using equation (6), further computations were made to obtain optimum length of the pre-cooling channel to
achieve temperature drop from 7.2oC to 5oC above ambient water temperature.
Fig. 5. Heat loss in the channel at distance of 300m
4. Conclusions
Based on the studies carried out on the physical model, a pre-cooling channel of 230m wide 1800m length with
a bottom slope of 1:10000 was recommended to bring down the warm water temperature rise from 7.2oC to within
the acceptable limit prescribed by the Ministry of Environment and Forest i.e. 5oC above the ambient at the point
of outfall, before discharging in to the Danda creek.
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